Abstract-Just as with any other profession, an efficient way to exchange ideas and networking in software testing are conferences, workshops and similar events. This is true for both professional testers and researchers working in the testing area. However, these two groups usually look for different kinds of events: a tester likes to attend "industrial" (sometimes called practitioner's or user) conferences, whereas a researcher is more likely interested in "academic" (in other words scientific or research) conferences. Although there are notable exceptions, this separation is substantial, which hinders a successful academyindustry collaboration, and communication about the demand and supply of research in software testing. This paper reviews 101 conferences: two thirds are academic ones, the rest being industrial. Besides providing this reasonably comprehensive list, we analyze any visible synergies such as events that have a mixed Program Committee and offer a program with elements from both sides. We found only a handful of such events, but these can serve both as opportunities for attendees who wish to extend their perspectives and as models for organizers of future conferences.
I. INTRODUCTION
Successful collaboration between industry and academia in software engineering is challenging. Countless internet blogs and discussions deal with questions like "do academics teach and research what the industry requires," or "is industry aware of the latest research achievements," and -even more importantly -"do we do our best in making the two parties talk to each other?" There are also papers published in this respect, which report on possible collaboration types [1] , research models [2] , education and training aspects [3] , for example.
Software testing is not different, and the gap between industry and academia is often investigated in this field as well [4] , [5] , [6] , [7] . There were cases in the authors' personal experience too, where an industrial testing community was reluctant to hear about latest researches due to skepticism in the applicability of results, and conversely, research community refused to hear about an industrial case study due to the lack of significant new scientific value.
However, the exchange of research results and industry needs may be very beneficial for both academic and industrial software testing communities, and fortunately, there are a lot of initiatives for reducing this gap. The European Software Testing Innovation Alliance (EuroSTIA) [8] and the academic relations of the International Software Testing Qualifications Board [9] are just two examples. Communication between the communities is possible via different channels, but probably the most direct and successful way are various events which give the possibility of face-to-face gathering of people to exchange ideas and networking. Such events take form of various types of conferences, workshops, symposia, etc. An interesting observation one can make is that the style, content, organization board and the intended audience of testing events also shows this typical separation into "academic" and "industrial." To foster collaboration, one way is to concentrate on possible synergies between these two types of events, encourage joint conference tracks, and attract members of both communities.
The TAIC PART -Testing: Academic and Industrial Conference on Practice and Research Techniques conference series is a good example of such an initiative. The program of almost every edition includes at least one keynote or a panel discussion about the issues of the collaboration, where the presenters identify concrete success stories and difficulties as well. There are further conferences as well, which can serve as role models to other conference organizers, and hopefully from a little more dedication to enhancing academia-industry collaboration, both communities would benefit.
The goal of the present paper is to give a systematic overview and analysis of the most visible academic and industrial software testing conferences, primarily from the synergistic point of view. It will hopefully serve as a list of offerings from both communities, with an assessment of which events provide the most of both worlds, and which are purely academic or industrial events. The internet contains several lists of academic and industrial conferences (typically only one of the two, e.g. [10] and [11] ), but a systematic analysis and side-by-side presentation is not available yet. We identified 63 academic and 38 industrial conferences to include in our assessment, giving a massive list of over one hundred events. We tried to be comprehensive and identify the most visible events, and for that we worked from publicly available information. Besides providing the list, our most important finding is that there are very few events that strategically foster the synergy by including a distinct track for the other community, for instance. At the same time, the composition of the Program Committees or the invited keynotes of several conferences reflect a bit more balance in this respect.
There are relatively few works in software engineering literature that addressed the question of conference properties. The ones that did, however, concentrate only on scientific events, such as the analysis by Vasilescu et al. [12] . To our knowledge our work is the first one to compare academic and industrial conferences.
In the next section, we give our objectives and the research method, while Sections III and IV give the list of academic and industrial conferences, respectively. The analysis of synergies is done in Section V, and we conclude in Section VI.
II. OBJECTIVES AND METHOD

A. Objectives
The objectives of this study can be summarized as follows: 1) Identify a reasonably comprehensive list of academic and industrial software testing conferences based on publicly available information on the internet. 2) Analyze the conferences based on the following criteria:
• general information such as the number of editions and paper/presentation type, • composition of the organizing (program) committee, • content, such as keynote topics and presenters, and • any synergistic tracks, sessions or other components. 3) Classify and compare the conferences based on where they can be placed on a purely academic-joint-purely industrial scale. Some conferences have an explicit goal to promote collaboration, while others may have a dedicated track only, or no synergies at all. 4) Identify deficiencies and possibilities for enhancing future conference editions, with a set of advices for researchers, practitioners, and conference organizers.
B. Research Method
Our goal with the study was not to perform a systematic and complete review of the field (as might be suggested by some methodologies [13] ). Instead, we wanted to provide a list of conferences that is reasonably complete, i.e. we used a relatively thorough search method that would a potential conference attendee use too, and if our search did not find a specific conference, it would probably be hard to find by interested attendees as well.
We searched the internet for various keywords trivially related to "software testing conference," in combination with keywords for the classification as "academic" or "industrial"/"user." The search was extended by processing any general conference listing websites we found, and other sources like blogs and discussion forums. Also, more general software engineering conferences, and related topics were included such as "software quality" and "reliability." Big conference supporters such as ACM and IEEE for academic conferences and ISTQB for industrial ones were specifically investigated for lists they publish.
For inclusion in the final list, we considered different event types including conferences and workshops. Other events like summer schools, tutorials or seminars have not been included. We tried to identify conference series where the same conference is repeated at different venues, perhaps co-located with other events, however there were cases where the event was not continued, it was renamed or merged with other events. In these cases, we relied on the data of the latest edition. Many general software engineering conferences (such as the International Conference on Software Engineering -ICSE) include tracks dedicated to various aspects of testing. We did not include these conferences; this report concentrates on dedicated events. However, co-located events like workshops are included separately, with the host conference noted. Most of the conferences we identified are international, and the information is available in English, with several exceptions which are clearly noted.
In the second phase, we analyzed the conferences for the data mentioned above using publicly available information (i.e., we did not contact conference organizers for internal data). We concentrated on the composition of the organizing team, especially Program Committee and Program Chairs. The affiliations of the members provide important information about the academic or industrial nature of the conference. Clear classification was possible in most of the cases: industrial affiliation was given if the employer was a company, and academic if it was a university or other higher education institute. We used academic affiliation as well if the organization was a publicly funded research institute.
When available, the typical content (such as the program for the latest event) has been investigated to find any synergistic tracks, keynote talks, or any other elements to support the academic or industrial nature.
Finally, the data obtained has been aggregated to get an overall rating if a conference is more of an academic or industrial nature or mixed with strong synergies. For this, we calculated an aggregated index value for each conference, which is essentially a weighted sum of the main factors influencing the synergy. Based on this information we then draw our conclusions and provide advices both for attendees and organizers of academic and industrial conferences.
III. ACADEMIC CONFERENCES
We list the academic conferences in alphabetical order. Several big conferences have a number of associated events, typically workshops, which are separately listed also in alphabetical order after the host conference. A unique acronym has been used to identify a conference, which was generally the official one. For each conference, we list the number of editions so far, where this information was available. Generally, the program of academic conferences is based on peer reviewed papers, which are published in the conference proceedings. The publisher of the proceedings (which is typically the main sponsor as well) is noted. In most of the cases, the papers of the co-located workshops are published in the proceedings of the main conference, so this is not separately noted. Finally, the URLs for the conference series (if available) or for the latest instance is provided. 
VST -International Workshop on Validating Software Tests:
Co-located with the IEEE International Conference on Software Analysis, Evolution, and Reengineering (SANER), this is the first instance of the workshop. Papers published by IEEE with the proceedings of the main conference. URL: http://www.itri.aist.go.jp/ events/vst-2016-cfp.html
IV. INDUSTRIAL CONFERENCES
Industrial software testing conferences differ from academic ones in several aspects. They typically do not include proceedings with papers, as the talks are not accompanied with peer reviewed papers (there are some exceptions, though). If known, we provide the format of the talk/paper submissions in the list below. Another big difference is that sponsorship is typically based on industrial support rather than with the help of a general organization like IEEE or ACM, which is the case for many academic conferences. Some industrial conferences are supported (and organized) by companies or other technical organizations. Also, industrial conferences typically do not host satellite events, rather the program is composed of various tracks, product exhibitions, tutorials, keynotes, etc.
For many industrial conferences, it is typical that they are international but organized locally, always in the same country or region. Others are highly localized, often held in the language of the given country.
The following list includes industrial conferences in alphabetical order. The International Software Testing Qualifications Board (ISTQB) [9] maintains a list of industrial conferences, which are recognized by the organization. These conferences are listed jointly, also in alphabetical order. For the identification of the events, a unique acronym was used, which was in several cases invented by the authors of this paper because the conference did not use an own acronym. We must note that it was much harder to obtain the necessary information for these conferences than for the academic ones. We will explain how we dealt with missing information in Section V.
An interesting note is that several conferences from this list are supported by the Speak Easy program, to help inexperienced speakers prepare for their talk [14] .
As in the case of academic conferences, we provide the URLs for the conference series (if available) or for the latest instance, and the number of instances so far, if known. The two types of conferences listed in the previous sections differ in many aspects. Most notably, academic conferences are based on presentations accompanied by peer reviewed papers, while industrial ones often involve more informal submissions but a big focus is put on the keynotes. Generally, academic conferences were typically much easier to analyze for any synergies because the organization is more transparent: the key organization roles and detailed programs were usually available, which was not the case with the industrial conferences.
AADAYS -Agile & Automation
In the following, we first separately analyze the two categories, and then in Section V-C, we summarize our findings. There are general properties such as committee sizes and age, which can directly be compared. But for the comparison of the synergistic aspects, we will use an aggregated measure for each conference, which will have two variants, one for the academic and one for industrial conferences.
For the analysis of synergies, we extracted the following properties for each conference:
• Age of the conference in number of editions so far.
• Number and affiliations (academic or industrial) of Program Chairs.
• Size and composition (academic or industrial) of the Program Committee.
• Number and affiliations (academic or industrial) of Keynote speakers.
• A synergistic factor which we determined based on our subjective judgement: we considered if the conference explicitly sets an objective to provide a synergy in form of, for instance, a dedicated industrial or academic track, respectively. In each case, the information about the latest event has been used, which was in many cases the upcoming event for 2016.
As expected, there were cases when the information was missing or unreliable. In these cases we defaulted to 100% academic or industrial composition for the two categories, respectively. In the case of academic conferences, only for ATAMI we could not find details neither about the Program Chairs nor the Program Committee. In four other cases, the composition of the Program Committee was unknown. In 13 cases, the Keynotes were not available. The situation was much worse in the case of industrial conferences. Except for five events, either Program Chair or Program Committee information was missing. The chairs were usually known, but in 13 cases out of 38, the committee information was missing. This could perhaps mean that there was no formal committee and the chairs did the selection. However, information about the Keynote was missing only in four industrial conferences.
Apart from the keynote speakers and the synergistic track, we did not analyze the programs of the conferences, although it might be an interesting additional aspect. First, this would require the analysis of more previous editions, and to make a common classification of topics. Second, the industrial/academic synergy is typically not visible from the topic itself, rather it depends on each individual paper. Considering this dimension is left for future work.
A. Academic Conferences
We found altogether 63 events in this category including large conferences and smaller satellite events and workshops.
1) General properties:
The structure of most academic conferences is similar: they expect submissions based on calls for papers. The submissions are peer reviewed and the accepted papers are published in conference proceedings. The proceedings are in many cases published by a high profile institution such as IEEE, ACM or Springer. Some of the workshops publish their proceedings locally or at a less significant publisher. Although we do not have data about attendance, the format of the conferences is most suitable for researchers, so we expect that the majority of attendees come from academia.
The average age of academic conferences is 8.1 years, the longest running events are 25-28 years old, while 11 conferences had only one edition so far.
Statistics about the organization team and keynotes for academic conferences is given in Table I . For each role, the number of persons with industrial and academic affiliations are given in columns 2 and 3 as a sum over all investigated conferences (their last editions). The fifth column shows the ratio of industrial persons in percents. The average sizes of the groups show no surprises, except the Program Chair category. Most of the conferences have one or two chairs in these roles, however for several workshops there were no separate persons named in these roles. In these cases we used the number of the organizers of the workshops, which raises the average number. 
2) Industrial synergies:
The first indicator of industrial synergies in academic conferences are the ratios of members with industrial affiliations in each of the roles from the previous table. This information can also be seen graphically in Figure 1 (left-hand side bars). The program chairs and committee has a modest industrial representation of slightly above 10%, but the ratio of industrial keynotes is more significant. About one quarter of keynotes given at all of the investigated conferences came from industry, which is very plausible. We believe that organizers of academic conferences try to make their events more attractive (both for researchers and practitioners) by inviting industrial people, however the composition of the program could also benefit from a bit more industrial presence. To be able to express in a single comparable value the level of industrial synergies for each conference, we apply a simple model that involves the mentioned basic statistics and an additional synergistic factor. We define the Industry Index as the following weighted average:
where w x are the weights for program chairs, program committee and keynote speakers, respectively. We subjectively determined the following weight factors: w ch = 3, w pc = 2 and w key = 1 with the rationale that the selection of the program primarily depends on the program chairs, then on the program committee, while the affiliation of the keynotes many times serves only "marketing" purposes and adds little to the actual program of the conference. IR x are the industryratios for each category, which are calculated as the ratio of the number of persons with industrial affiliations over the number of all persons in the given category. We also use the additional Industrial Synergy factor IS , which is basically our subjective categorization for each conference, which might increase the weighted average if we determine that other factors contribute to the synergy apart from the statistics. We used two primary aspects for determining this factor. First, if the conference description explicitly states that they have a strategic goal to foster academy-industry collaboration. Second, we looked at any evidence supporting this such as if there are specific tracks or submission types for industrial results. This factor can take values in the interval 0−1, where 0 means no industrial objectives, and 1 means that the conference has as an explicit goal to promote academyindustry collaboration. In the analysis we used 0.5 as well for conferences which are basically academic in nature but have at least a separate industrial track, industrial committee or other similar component. Conferences with IS value of 1 were AISTQ, ATAMI, ISSRE, JAMAICA, STV and TAIC-PART. We gave 0.5 score to the following events: ASQT, ICST, LT, QASBA, RET, STAM and TESTBEDS.
The II values for the academic conferences range in a wide scale. The minimum and maximum values were 0 and 1.19, respectively. The average was 0.17, and the median 0.08. We compared the index values with the age of the conferences and discovered an interesting trend. As Figure 2 shows, younger conferences tend to focus more on industry. This chart shows the average index values separated for conferences that had more than three instances and younger ones. There is a notable difference between young and mature conferences, which can also be observed in Figure 3 . It shows the same data on a longer time scale (the data are accumulated, meaning that the average was computed for conferences of a given age or older, and we excluded events that had only one instance), indicating a positive trend. 
B. Industrial Conferences
We investigated 38 industrial conferences and, as mentioned, there were more missing information here than for the academic events. This mostly concerns the organizing team. To deal with this issue we either did not count the conference with missing information (such as for an average), or we defaulted to purely industrial (such as for committee composition ratio).
1) General properties:
As opposed to academic conferences, industrial ones typically do not offer the possibility for publishing a peer-reviewed paper. Instead, presentations are either based on direct invitation or by selecting from submissions to a call for presentations. Such submissions are evaluated by a program committee or, as is often the case, the selection is done directly by the organizing team (program chairs). If there is a proceedings, it is typically published locally. Unfortunately, we found out that submitting a formally peer-reviewed paper which is published in a proceedings is possible at only four of the industrial conferences (CAST, PNSQC, SWQD and STC). Similarly to academic conferences, we were not able to get data about the attendees of industrial conferences. But it is also to be expected that the majority of the audience are practitioners with industrial affiliations.
The average age of industrial conferences was 6.6 years, which is a bit less than for the academic ones (the information about the editions so far was missing in 13 cases). Table II shows statistics about the organization teams and keynote speakers of industrial conferences. The structure of the table is similar to that of Table I with the difference that here we highlight the ratio of academic members in the committees in column 5, and not industrial ones. Compared to academic conferences, the average number of chairs is similar, but the program committee is much smaller. This probably reflects the simpler task of selecting the applications. Another notable difference is the average number of keynotes. This number is high because in several cases we could not distinguish between a regular talk and a keynote talk at a conference, they were are listed on the conference websites simply as "presentations." In these cases we counted all such talks. 2) Academic synergies: For the analysis of possible synergies in industrial conferences we used a similar approach to the academic ones. Figure 1 shows the ratios of academic members from the previous table in the right-hand bars. There are several notable differences to the academic conferences. The ratio of the chairs is a bit worse, meaning that industrial conferences like to keep the decision in the hands of industrial people. However, the number of academic members in program committees is higher than in the opposite case. This is probably because many industrial conferences like to promote their competence by inviting academic people. We must also note here that one of the conferences, SWQD, has a separate academic program committee which raises this number significantly. This conference has 4 academic and 11 industrial members in the regular track, and an additional 33 members from academia for its research track. Finally, it is interesting to observe that industrial conferences invite keynote speakers from academia on a much rarer occasion, which is not a good approach to foster collaboration. To express the aggregated level of academic synergies, we used a similar model to what we used in the academic case. The Academia Index is calculated as the following weighted average:
where the notation is similar as for II , except that AR means academic ratio, that is the ratio of people with academic affiliations in the roles, and AS means our categorization of academic synergy on a similar scale to IS . In this case, we found very few conferences that fit to our criteria: namely, only SIGIST and SWQD got a score of 1, while STC and UCAAT got 0.5. Among these, we emphasize SWQD, which is unique in that it includes a separate scientific track with a separate program committe, peer-reviewed papers and proceedings. The overall distribution of the AI values was different than for II . The minimum value was 0 and the maximal 1.01. But the average was only 0.06, and the median was 0 (because as much as 25 conferences out of 38 have a zero index). Highest ranking conferences having at least 0.10 index (these are 8 conferences which constitute the upper 21%) are: SWQD (1.01), CAST (0.25), UCAAT (0.17), TAD (0.15), CSTQB (0.14), HUSTEF (0.13), DTD (0.13) and IQNITE (0.10).
In the case of industrial conferences we did not notice any interesting trends with respect to the age of the conference and the academic index.
C. Summary and possibilities for improvement
We may summarize our most notable findings from the previous sections as follows:
• Academic conferences more often invite industrial members as program chairs than industrial conferences invite academic ones.
• Synergies regarding the membership of program committees are similar.
• There are more keynotes with industrial background on academic conferences than academic keynotes on industrial ones.
• Considering other factors as well, most notably the existence of a synergistic track, academic conferences show more ambitions to synergies, which is reflected in our overall academic-and industrial indices.
• In the case of academic events, it seems that younger conferences are more industry oriented than the more mature ones. We identified only a handful of conferences that perform exceptionally well in terms of synergies. The top rated academic conferences listed in Section V-A and the top industrial ones from Section V-B can serve as role models for organizers of future conferences. An overall picture of the landscape of conferences is shown in Figure 4 . Here, we show conferences of both types in a graphical from in which each dot corresponds to a particular event. The color and the shape determines its type, while the size of the symbol is proportional to the respective academic or industrial index. The placement of the dots in the two-dimensional space reflects other two important attributes: the x axis shows the age of the conference in years, while we placed dots along the y axis based on the size of the Program Committee. We treat the latter attribute as a proxy to the conference size (and perhaps its significance). The graph has been trimmed in both directions to exclude the 2 outliers and give better visibility to the majority.
VI. CONCLUSIONS
In this paper, we listed what we believe to be a reasonably comprehensive set of academic and industrial software testing conferences. Our more in depth analysis of possible synergies revealed some interesting insights, which we believe will be useful for researchers and practitioners attending these events, but also for organizers of future conferences from both sides.
Overall, we are not really satisfied with the level of synergies these conferences demonstrate. There seems to exist a resistance at both sides for more extensive opening towards the other community. There are exceptions, though: conferences like TAIC-PART or SWQD are great venues to foster academic-industrial collaboration in software testing, and are examples of mutual recognition between the two communities. Our advise for researchers who regularly attend academic conferences is that they should take a look at possible industrial events for presenting their work. Some of them even have the possibility for publishing peer-reviewed papers, which is a very important aspect for many academics. As for our advice for the practitioners, we believe that there are several highprofile academic conferences that offer a very strong technical program, and that software testing research is not only about "useless theoretical problems" but many researches address industrially driven problems and offer usable solutions.
The organizers of many great software testing conferences are trying to improve synergies, but there are lots of possibilities for improvement. In particular, we suggest adding more dedicated tracks and associated calls for contributions for both communities. A further advice for organizers of industrial conferences is that they should make sure to be more transparent regarding the organization teams and program.
We carefully performed the analysis presented in this paper, but there are a number of improvement and extension possibilities. For example, it would be possible to contact conference organizers asking for more detailed and precise information, particularily about the participants and program composition. The analysis of earlier editions of individual conferences and not only the latest ones would reveal individual trends. A future study could also consider analyzing conferences with different sizes and maturity separately. Finally, surveying conference participants and other professionals for their subjective opinions about software testing events would be a very interesting task for future research.
The raw data used for the analysis in this paper is available from the authors. In the future, we also plan to set up an online repository for the data with query possibilities.
